Background and objective: Retrospective claims data in patients with chronic obstructive pulmonary disease (COPD) initiating maintenance therapy with inhaled fixed-dose combinations of long-acting muscarinic antagonist/long-acting β 2 -agonist (LAMA/LABA) versus inhaled corticosteroid (ICS)/LABA have not been reported. (index date) and had 12 months continuous enrollment pre-and post-index. Exclusion criteria included an asthma diagnosis in the pre-index period/index date; ICS-, LABA-, or LAMAcontaining therapy during the pre-index period; or pharmacy fills for both UMEC/VI and FP/ SAL, multiple-inhaler triple therapy, a non-index therapy, or COPD exacerbation on the index date. Adherence (proportion of days covered [PDC] ≥80%) was modeled using weighted logistic regression following inverse probability of treatment weighting (IPTW). Weighted KaplanMeier and Cox proportional hazards regression following IPTW were performed for incidence of COPD exacerbation and escalation to multiple-inhaler triple therapy. Results: The study population included 5306 patients (1386 initiating UMEC/VI and 3920 initiating FP/SAL). Adjusted odds of adherence were 2.00 times greater among UMEC/VI than FP/SAL initiators (95% confidence interval [CI]: 1.62─2.46; P<0.001). The adjusted hazard ratio (HR) for first exacerbation was 0.87 (95% CI: 0.74-1.01; P=0.067) among UMEC/VI versus FP/SAL initiators. UMEC/VI initiators had 35% lower adjusted risk of escalation to multiple-inhaler triple therapy (HR 0.65; 95% CI: 0.47-0.89; P=0.008) versus FP/SAL. On-treatment, UMEC/VI initiators had an adjusted 30% reduced risk of a first moderate/severe COPD exacerbation (HR 0.70; 95% CI: 0.54-0.90; P=0.006). Conclusion: Patients with COPD initiating UMEC/VI had higher adherence and longer time before escalation to multiple-inhaler triple therapy than FP/SAL initiators.
Introduction
Bronchodilation with a long-acting muscarinic antagonist (LAMA), a long-acting β 2 -agonist (LABA), or a combination of the two is the foundation of chronic obstructive pulmonary disease (COPD) treatment. 1 The combination of LAMA and LABA bronchodilators has been shown to improve lung function and patient-reported outcomes when compared with either component alone and may reduce COPD-related exacerbations. 2, 3 Evidence suggests that a combination of bronchodilator therapy with an inhaled corticosteroid (ICS) is beneficial in certain populations of patients diagnosed with COPD, such as those at high risk of exacerbations. [4] [5] [6] [7] However, there is evidence that LAMA/LABA significantly improves lung function, including a greater improvement in trough forced expiratory volume in one second, reduces the rate of moderate/ severe exacerbations, reduces rescue medication use, and lowers adverse event incidence, including lower risk of pneumonia, when compared with an ICS/LABA. [8] [9] [10] [11] [12] The Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy document includes treatment recommendations for patients diagnosed with COPD based on assessment of symptom burden and exacerbation risk. 13 In the 2019 GOLD report, ICS/LABA is no longer recommended as the preferred initial maintenance therapy (IMT) for most patients diagnosed with COPD, although ICS/LABA continues to be a recommended treatment option for patients with COPD and a history of asthma, reflecting a shift toward a personalized treatment approach. LAMA/LABA is indicated as the preferred initiation option for GOLD Group B patients with severe breathlessness and for patients with a high symptom burden and exacerbation risk (GOLD Group D). 13 Despite this, ICS/LABA continues to be commonly prescribed across all severity groups. [14] [15] [16] [17] Furthermore, the proportion of patients diagnosed with COPD initiating maintenance therapy with ICS/LABA is likely to increase following the introduction of a bioequivalent generic of the ICS/LABA fluticasone propionate/salmeterol (FP/ SAL). 18 The preferential access given to generics on healthcare plans may lead to symptomatic patients who do not have a history of COPD exacerbation undergoing treatment that includes an unnecessary ICS component before they try a LAMA/LABA combination. Although clinical trials have compared the head-to-head efficacy and safety of ICS/LABA with LAMA/LABA, [8] [9] [10] [11] [12] 19, 20 there has not been a real-world study comparing the use of ICS/LABA with LAMA/LABA as IMT in patients diagnosed with COPD. This study aimed to address this knowledge gap by comparing the once-daily LAMA/ LABA combination umeclidinium/vilanterol (UMEC/VI) with twice-daily FP/SAL for patients diagnosed with COPD in a large US health insurer database. This study focused on patients who were ICS-, LABA-and LAMAnaïve in the 12 months prior to initiating once-daily UMEC/VI or twice-daily FP/SAL, which complements the data that are available from LAMA/LABA versus ICS/LABA clinical trials. 8, 9 The primary objective was to evaluate medication adherence, with secondary objectives to evaluate the incidence of first COPD exacerbation and escalation to multiple-inhaler triple therapy among maintenance-naïve patients initiating treatment with UMEC/VI compared with FP/SAL. 
Methods

Study design
Endpoints
Patient demographic and clinical characteristics were assessed during the pre-index period, and medication adherence, incidence of first COPD exacerbation, and incidence of multipleinhaler triple therapy were assessed during the post-index period. The primary endpoint, medication adherence, was defined as the proportion of days covered (PDC) ≥80%. PDC was calculated by dividing the number of days with available index medication (based on filled prescriptions) by the number of days between the index prescription claim and the end of the observation period. Medication adherence was corrected for inpatient stays with the assumption that the medication was provided by the facility during hospitalization. Overlapping pharmacy fills for the index medication were corrected for. A moderate COPD exacerbation was defined as an outpatient or emergency department visit with a primary diagnosis indicating a COPD-related exacerbation and an administration or prescription fill for a COPD-guideline recommended antibiotic or systemic corticosteroid within ±5 days. A severe exacerbation was defined as a hospitalization with a primary diagnosis indicating a COPDrelated exacerbation. Exacerbations occurring within 14 days of each other were considered a single exacerbation episode and classified according to the highest severity contributing event. The end date of the exacerbation episode was defined as the last observed exacerbation event date (or discharge date if an inpatient event) plus 14 days.
Multiple-inhaler triple therapy was defined as at least one day of overlapping days' supply of ICS, LABA, and LAMA.
Statistical analysis
PDC was calculated from the index date until the earliest occurrence of either a pharmacy fill for a non-index maintenance medication or the end of the 12-month post-index period. Intent-to-treat (ITT) analyses, with no censoring during the 12-month post-index period, were used to evaluate the secondary endpoints of incidence of first exacerbation (moderate/severe), incidence of first severe exacerbation, and incidence of multiple-inhaler triple therapy. An on-treatment sensitivity analysis was performed for the incidence of first COPD exacerbation. In the ontreatment sensitivity analysis, patients were censored at the time of discontinuation of the index medication (defined as a gap of 45 days from the index date for a retail pharmacy fill and 115 days for a mail order pharmacy fill), at the time of a pharmacy fill for a non-index maintenance medication, or at the end of the 12-month post-index period, whichever occurred first. Inverse probability of treatment weighting (IPTW) was used to control for possible confounding of the association between the outcomes and index treatment. Weights were estimated using logistic regression with treatment cohort as the outcome and possible predictors of treatment initiation as independent variables (Table S1 ). The weights for each treatment cohort are the inverse fitted probability of being in that cohort, for a given covariate pattern. Weights were standardized to account for the marginal probability of being in the UMEC/VI and FP/SAL treatment cohorts.
Pre-index characteristics were stratified by treatment cohort and analyzed descriptively prior to and following IPTW. Post-index outcomes were analyzed descriptively and with multivariable modeling on the weighted sample. Adjusted treatment effects were estimated in the weighted sample; 1) without additional covariate adjustment and 2) with additional adjustment for pre-index variables with a post-IPTW standardized difference >10% or a P-value (P<0.05). The following pre-index variables were included as covariates in the multivariable-adjusted regression models estimating the association between treatment cohort and medication adherence, incidence of first exacerbation, and incidence of multiple-inhaler triple therapy: methylxanthines use, short-acting muscarinic antagonist (SAMA) nebulized use, SAMA/short-acting β 2 -agonist (SABA) combination inhaled units (categorized), all-cause inpatient cost (categorized), and all-cause other medical cost (categorized). Medication adherence was modeled using weighted logistic regression with a robust variance estimator. Kaplan-Meier analysis was used to calculate the incidence of first COPD exacerbation and incidence of multiple-inhaler triple therapy. Weighted Cox proportional hazards regression with robust variance estimator was used to model the incidence of first COPD exacerbation and the incidence of multiple-inhaler triple therapy. To test the proportional hazards assumption a proportional hazards test (log[time] with Schoenfeld residuals) was conducted.
Results
Study population
A total of 5306 patients were included in the study population, comprising 1386 initiating UMEC/VI and 3920 initiating FP/SAL ( Figure 2 ). Pre-IPTW differences in patients initiating UMEC/VI versus FP/SAL were observed across multiple variables (Table 1) . For instance, UMEC/VI initiators were significantly younger (mean [standard deviation, SD]: 68.5 [10.5] vs 69.5 [10.5] years; P=0.003), more likely to be male (54.7% vs 46.4%; P<0.001) and were less likely to be enrolled in an MAPD health plan (66.4% vs 75.9%; P<0.001). A higher proportion of UMEC/VI initiators had a COPD exacerbation (33.2% vs 30.3%; P=0.042) in the preindex period compared with FP/SAL initiators. Following IPTW, pre-index characteristics were adequately balanced between treatment groups. Indicators of disease severity, including Charlson Comorbidity Score, Chronic Disease Score, COPD Severity Score and the proportion of moderate/severe exacerbations in the pre-index period, were also balanced following IPTW. The variables that were not balanced (methylxanthines use, SAMA nebulized use, SAMA/SABA combination inhaled units (categorized), allcause inpatient cost (categorized), all-cause other medical cost (categorized)) were included in multivariable-adjusted models for each study endpoint.
Medication adherence
The 
Incidence of and time to first COPD exacerbation ITT analysis
In the ITT analysis, the incidence rate of a first moderate/ severe COPD exacerbation was 0.105 per 100 patient-days for patients initiating UMEC/VI and 0.121 per 100 patientdays for patients initiating FP/SAL during the 12 months post-index period (IRR 0.87; 95% CI: 0.74-1.02; P=0.079). There were no significant differences in the time to first moderate/severe or severe COPD exacerbation between cohorts (P=0.092 and P=0.531, respectively) ( Figure 4A ). The multivariable-adjusted HR for a moderate/severe exacerbation in the UMEC/VI versus FP/SAL cohorts was 0.87 (95% CI: 0.74-1.01; P=0.067). The incidence rate of a first severe (hospitalized) exacerbation was 0.008 per 100 patient-days and 0.009 per 100 patientdays for the UMEC/VI and FP/SAL cohorts, respectively (IRR 0.84; 95% CI: 0.53-1.32; P=0.447). The multivariable-adjusted hazard ratio for a severe exacerbation in the UMEC/VI versus FP/SAL cohorts was 0.83 (95% CI: 0.53-1.30; P=0.418).
On-treatment sensitivity analysis
In the on-treatment sensitivity analysis of the incidence rate of first COPD exacerbation, the mean (SD) post-index duration of treatment was 102 (96) and 74 (71) days for UMEC/ VI and FP/SAL initiators, respectively. The on-treatment incidence rates of a first moderate/severe exacerbation were 0.098 and 0.148 per 100 patient-days for UMEC/VI and FP/ SAL cohorts, respectively (IRR 0.66; 95% CI: 0.51-0.85; P=0.002) ( Figure 4B ). The UMEC/VI cohort had a 30% lower adjusted risk of a first moderate/severe COPD exacerbation compared with the FP/SAL cohort (adjusted HR 0.70 [95% CI: 0.54-0.90]; P=0.006). The incidence rate of a first severe COPD exacerbation was 0.027 per 100 patient-days for the UMEC/VI cohort and 0.044 per 100 patient-days for the FP/SAL cohort (IRR 0.61; 95% CI: 0.39-0.97; P=0.035). However, the risk of a severe exacerbation in the UMEC/VI cohort versus the FP/SAL cohort was similar (adjusted HR 0.65 [95% CI: 0.42-1.02]; P=0.063).
Incidence of and time to multiple-inhaler triple therapy
In the ITT analysis, the incidence rate for initiation of multiple-inhaler triple therapy was 0.018 and 0.027 per While the Kaplan-Meier curves for the cohorts do not cross during the 365-day follow-up period ( Figure 5 ), a proportional hazards test (log[time] with Schoenfeld residuals) demonstrated that there was variation over the 365-day post-index period (P=0.005). The adjusted rate of triple therapy initiation was found to be significantly lower among the UMEC/VI cohort compared with the FP/SAL cohort during the first 90 days (HR 0.41, 95% CI: 0.25-0.67; P≤0.001); this direction continued from days 91-365 but was no longer significant (HR 0.88, 95% CI: 0.58-1.33; P=0.539; Table S2 ). An analysis also was performed with HRs at monthly intervals where the incidence of triple therapy initiation was significantly lower for UMEC/VI compared with FP/SAL in the first, third, and twelfth months. The variability in HR was partly due to low numbers of events within each month (Table S3) .
Discussion
In this retrospective observational claims-based study, patients initiating maintenance therapy with UMEC/VI had significantly greater medication adherence and slower escalation to multiple-inhaler triple therapy compared with patients initiating FP/SAL, and a reduced rate of moderate/ severe exacerbations in the on-treatment sensitivity analysis. Recent clinical evidence suggests that the LAMA/ LABA medication class improves lung function and protects against exacerbations in low-risk patients compared with ICS/LABA as maintenance therapy in patients diagnosed with COPD with or without a history of exacerbations. [8] [9] [10] [11] 19, 20 However, studies focusing on the relative effectiveness of LAMA/LABA and ICS/LABA using real-world data have been scarce, with the limited data available arising from patients that were switched from twice-daily ICS/LABA to LAMA/LABA. 21 This study presents the first analysis of LAMA/LABA medication adherence in a US population. The need to improve medication adherence in patients diagnosed with COPD has been previously acknowledged, with COPD known to have a particularly low rate of adherence across medical conditions, potentially due to improper inhaler use and the complexity of medication regimens. 22, 23 Medication adherence has also been associated with dosing frequency in a retrospective study that compared realworld use of inhaled medications for patients with COPD, which reported a consistent trend of declining PDC as the frequency of dosing increased; the PDC for once-daily, twice-daily, 3 times daily, and 4 times daily was 43.3%, 37.0%, 30.2%, and 23.0%, respectively. 24 A retrospective claims data analysis compared medication adherence in patients with COPD initiating therapy on the once-daily LABA tiotropium or twice-daily FP/SAL and examined the association between adherence and respiratory-related costs and found good adherence was associated with 37.1% lower medical costs and 53.4% lower inpatient costs than poor adherence. 25 Moreover, a retrospective cross-sectional analysis that investigated the association of COPD maintenance medication adherence with hospitalization and Medicare spending in the US found that patients with good adherence (PDC ≥80%) exhibited 10% lower hospitalization rates and lower total Medicare spending (-$2,185) than patients with poor adherence (PDC <80%; after adjusting for covariates). 26 In this study, there were no significant differences in the risk of a moderate/severe or severe COPD exacerbation between treatment groups in the ITT analyses; however, in the on-treatment sensitivity analysis patients initiating UMEC/VI had a significantly reduced risk of a first moderate/severe exacerbation compared with patients initiating FP/SAL. These results are consistent with a randomized, retrospective analysis that evaluated the impact of adherence to inhaled medication (including FP/ SAL) in patients with COPD for 3 years and found a 44% lower rate of COPD exacerbations requiring hospital admission in patients with good versus poor adherence. 27 The evidence therefore suggests that remaining on treatment is key to reducing the risk of a first moderate/severe COPD exacerbation, which should be emphasized by providers to patients, since the GOLD strategy document outlines LAMA/LABA use as IMT for patients with a low risk of exacerbations but experiencing dyspnea symptoms. 27 The reduced rate of exacerbations in patients taking UMEC/VI versus FP/SAL may have been partly due to the reduction of symptoms in these patients, as symptom severity and exacerbation frequency are known to positively correlate. 28 Unfortunately, as this was a claims-based study, patient-reported outcomes could not be used to assess impacts on symptoms, meaning that this relationship could not be directly explored. Escalation in therapy to multiple-inhaler triple therapy has been examined previously in retrospective observational studies that used administrative medical and pharmacy retrospective claims-data medical and pharmacy data. One such study reported that patients diagnosed with COPD receiving UMEC/VI had a slower rate of escalation to multiple-inhaler triple therapy than those receiving tiotropium alone. 30 This correlates with the results of this study, where patients initiating dual bronchodilator LAMA/LABA escalated to multiple-inhaler triple therapy at a slower rate than patients receiving mono bronchodilator ICS/LABA. This difference in the rate of escalation to multiple-inhaler triple therapy was seen only in the first 90 days of the post-index period. This highlights that the difference in escalation to multiple-inhaler triple therapy could be due to a more appropriate choice of treatment for symptomatic patients or a better delivery device leading to improved drug adherence with UMEC/ VI versus FP/SAL. The findings from this study support and are consistent with results from randomized controlled trials (RCTs). [10] [11] [12] 19 Two recent meta-analyses including data from 10 RCTs have shown that LAMA/LABA therapy demonstrates significant improvements in lung function, reduced exacerbation risk and rescue medication use and a lower risk of pneumonia relative to ICS/ LABA. 8, 9 Specifically, UMEC/VI has demonstrated significant and clinically meaningful improvements in lung function versus FP/SAL in patients diagnosed with stable COPD. 10 Furthermore, the relative risk of COPD exacerbations has been previously reported to be reduced in patients taking LAMA/LABA versus those on twice-daily ICS/LABA. 12, 19 The LANTERN study found that patients receiving the LAMA/LABA indacaterol-glycopyrronium had a longer time-to-first exacerbation than those taking FP/SAL in a population at low risk of exacerbations. 19 Together, the results from RCTs and retrospective observational studies provide support for initiating maintenance therapy with LAMA/LABA rather than ICS/LABA in patients with low exacerbation risk, per the GOLD guidelines. UMEC/VI use appears to be associated with greater effectiveness on-treatment, combined with slightly greater levels of adherence compared with the more commonly chosen ICS/LABA IMT options used by physicians. [14] [15] [16] [17] However, maintenance therapy with
an ICS component has been demonstrated to improve patient outcomes in certain subpopulations of patients with COPD, such as those with a high symptom burden or high risk of exacerbations. [4] [5] [6] [7] Limitations of this study include those frequently associated with claims studies. For instance, the presence of a COPD diagnosis code in the claims does not necessarily mean that the patient has COPD 31 and the underlying reasons for patient progression to MITT are unknown. Furthermore, medication use was based on observed pharmacy dispensing and was not a direct measure of drug taking. Similarly, it is possible that the improved adherence of the UMEC/VI cohort compared with the FP/SAL cohort may be due to the once-daily dose schedule of UMEC/VI versus the twice-daily dose schedule of FP/ SAL. It must also be noted that adherence in both cohorts was low (UMEC/VI: 50%; FP/SAL: 39%). In addition, whereas the progression to MITT from FP/SAL only requires the addition of a LAMA component, switching from UMEC/VI to MITT may be more difficult as there are no ICS monotherapy treatments approved for use in COPD. However, our study defined MITT as any combination of LAMA, LABA, and ICS used concurrently to capture real-world patterns of care. It is also possible that the lack of randomization to treatment could have introduced confounding in this analysis; however, IPTW was used to control for confounding, and multivariable modeling used to further adjust for remaining imbalances. The presented findings may also have been affected by a potential survivor bias arising from the requirement of patients to have been continuously enrolled for at least 12 months following the initiation of treatment, potentially 
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